The +2 NTP binding drives open complex formation in T7 RNA polymerase.
Transcription initiation as catalyzed by T7 RNA polymerase consists primarily of promoter binding, strand separation, nucleotide binding, and synthesis of the first phosphodiester bond. The promoter strand separation process occurs at a very fast rate, but promoter opening is incomplete in the absence of the initiating NTPs. In this paper, we investigate how initiating NTPs affect the kinetics and thermodynamics of open complex formation. Transient state kinetic studies show that the open complex, ED(o), is formed via an intermediate ED(c), and the conversion of ED(c) to ED(o) occurs with an unfavorable equilibrium constant. In the presence of the initiating NTP that base-pairs with the template at position +2, the process of open complex formation is nearly complete. Our studies reveal that the nucleotide that drives open complex formation needs to be a triphosphate and to be correctly base-paired with the template. These results indicate that the melted template DNA in the open complex is positioned to bind the +2 NTP. The addition of +1 NTP alone does not stabilize the open complex; nor is it required for +2 NTP binding. However, there appears to be cooperativity in initiating NTP binding in that the binding of +2 NTP facilitates +1 NTP binding. The dissection of the initiation pathway provides insights into how open complex formation steps that are sensitive to the promoter sequence upstream from the initiation start site modulate the affinity of initiating NTPs and allow transcription initiation to be regulated by initiating NTP concentration.